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Catatonia is a complex psychomotor symptom frequently observed in schizophrenia. Neural activity 
within the motor system is altered in catatonia. Likewise, white matter (WM) is also expected to be 
abnormal. The aim of this study was to test, if schizophrenia patients with catatonia show specific 
WM alterations. Forty-eight patients with schizophrenia and 43 healthy controls were included. 
Catatonia was currently present in 13 patients with schizophrenia. Tract-Based Spatial Statistics was 
used to test for differences in fractional anisotropy (FA) in the whole brain between the three 
groups. We detected a group effect (F-test) of WM within the corpus callosum (CC). In the T-test, 
patients with catatonia showed higher FA in many left lateralized WM clusters involved in motor 
behaviour compared to patients without catatonia, including the CC, internal and external capsule, 
superior longitudinal fascicle (SLF) and corticospinal tract (CST). Similarly, patients with catatonia 
showed also higher FA in the left internal capsule and left CST compared to healthy controls. In 
contrast, the group comparison between patients without catatonia and healthy controls revealed 
lower FA in many right lateralized clusters, comprising the CC, internal capsule, SLF, and inferior 
longitudinal fascicle in patients without catatonia. Our results are in line with the notion of an altered 
motor system in catatonia. Thus, our study provides evidence for increased WM connectivity, 
especially in motor tracts in schizophrenia patients with catatonia.  
 




Catatonia is a complex psychomotor syndrome and was first introduced by the German psychiatrist 
Karl Ludwig Kahlbaum in 1874 (Kahlbaum, 1874). The catatonia syndrome comprises a range of 
psychomotor phenomena, including altered volition (e.g. negativism, automatic obedience), aberrant 
motor activity, such as increases (e.g. excitement and agitation), decreases (e.g. stupor, staring) or 
abnormalities (e.g. posturing, grimacing, waxy flexibility), as well as autonomic dysfunction (e.g. 
hyperthermia, tachycardia) (Walther et al., 2019). Notably, catatonia can be related to various motor 
signs and symptoms, even though no specific symptom identifies catatonia (Walther and Strik, 2016). 
Although catatonia has often been associated with schizophrenia, it also occurs in various psychiatric 
and medical conditions (Daniels, 2009; Fink, 2013). This was acknowledged in the Diagnostic and 
Statistical Manual of Mental Disorders, Fifth Edition (DSM-5). According to DSM-5, the catatonia 
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syndrome may now be diagnosed in many psychiatric disorders, including psychotic disorders, major 
mood disorders, medical conditions and as not otherwise defined (Walther and Strik, 2016).  
The prevalence rate of catatonia in schizophrenia is high, but depends largely on the criteria applied 
in diagnostic systems and is estimated between 9-18 % (Walther et al., 2019). The presence of 
catatonia in schizophrenia is associated with more negative symptoms and indicates poorer course of 
the illness and prognosis in the chronic phase (Ungvari et al., 2005; van den Ameele et al., 2015).  
The pathobiology of catatonia is still largely unknown (Walther and Strik, 2016). However, the 
understanding of neurobiological processes would allow a more accurate characterisation of 
catatonia (van den Ameele et al., 2015) and shed light on the question, whether catatonia describes 
a general clinical phenotype with different underlying mechanisms or a common phenotype with one 
pathobiology (Walther et al., 2019; Walther and Strik, 2016). Alterations in cortical and subcortical 
motor areas are thought to give rise to catatonia symptoms (Hirjak et al., 2019; Hirjak et al., 2015; 
Mittal et al., 2017; van Harten et al., 2017; Walther, 2015; Walther et al., 2019).  
A few studies investigated task-related and resting state activity in catatonia and detected altered 
patterns of activity in motor regions related to catatonia (Foucher et al., 2018; Northoff et al., 1999; 
Northoff et al., 2000; Payoux et al., 2004; Scheuerecker et al., 2009; Walther et al., 2017a). However, 
white matter (WM) correlates of catatonia are largely unknown. In schizophrenia, this is of particular 
interest, as WM abnormalities may contribute to the pathophysiology of schizophrenia and altered 
brain connectivity is suggested as a central characteristic of the disorder (Davis et al., 2003). Thus, 
WM alterations have frequently been observed in schizophrenia, predominantly in the WM of the 
frontal and temporal areas and in fiber tracts which connect those regions (Federspiel et al., 2006; 
Fitzsimmons et al., 2013; Kubicki et al., 2007; Kyriakopoulos et al., 2008). More precisely, decreased 
fractional anisotropy (FA) has been reported in the arcuate fascicle (AF), corpus callosum, cingulum 
bundle, fornix, inferior longitudinal fascicle (ILF), superior longitudinal fascicle (SLF), and uncinate 
fascicle (UF) (Whitford et al., 2011). 
One study with putative catatonia genotype suggests, that WM alterations of the corpus callosum 
may be associated to the catatonia syndrome (Hagemeyer et al., 2012). The aim of our study was to 
investigate possible WM alterations linked to current catatonia in a sample of patients with 
schizophrenia spectrum disorders. We hypothesized WM alterations in the group of schizophrenia 
patients with catatonia compared to the group without catatonia and compared to healthy controls, 
predominantly in motor tracts. Furthermore, we hypothesized a direct association between catatonia 
severity and WM abnormalities.  
 
Viher et al.   White matter and catatonia 
 4 
2. Methods 
2.1 Participants  
The sample included 48 patients with schizophrenia (30 men, 18 women) from the inpatient and 
outpatient department of the University Hospital of Psychiatry in Bern, Switzerland, and 43 healthy 
participants (25 men, 18 women), matched for sex, age, and duration of education. All participants 
were right-handed as tested by the Edinburgh handedness inventory (Oldfield, 1971). 
All patients met the inclusion criteria of a diagnosis of schizophrenia spectrum disorders (including 
schizophrenia, schizoaffective disorder or schizophreniform disorder) according to DSM-5. Healthy 
controls had specific exclusion criteria, i.e. history of any psychiatric disorder or any first–degree 
relatives with schizophrenia.  For all participants, additional exclusion criteria comprised aberrant 
movement or WM due to medical or neurological conditions (e.g. multiple sclerosis, stroke), a history 
of head trauma with loss of consciousness, electroconvulsive treatment, any substance-related 
addiction (except nicotine), and distinct exclusion criteria for the magnetic resonance imaging (MRI) 
scanning (e.g. claustrophobia, metallic implants or pregnancy). 
Catatonia symptoms were determined with the Bush Francis Catatonia Rating Scale (BFCRS) (Bush et 
al., 1996). This rating scale consists of 23 items (e.g. automatic abnormality, excitement, mutism, 
perseveration). The BFCRS Screening Instrument (BFCRSI) includes the first 14 items of the BFCRS. 
Current catatonia is present, if 2 or more items on the BFCRSI last longer than 24 hours (Bush et al., 
1996).  
Additional assessments comprised the Comprehensive Assessment of Symptoms and History (CASH) 
(Andreasen et al., 1992) and the Mini International Neuropsychiatric Interview (MINI) (Sheehan et al., 
1998) to ascertain diagnoses according to DSM-5 and the Positive and Negative Syndrome Scale 
(PANSS) (Kay et al., 1987) for schizophrenia psychopathology. Current antipsychotic medication 
dosage was assessed as chlorpromazine equivalents (CPZ) according to Leucht and colleagues (Leucht 
et al., 2015). Forty-four patients (92%) were treated with antipsychotics.  
The protocol was in accordance with the Declaration of Helsinki and was approved by the “Kantonale 
Ethikkommission Bern” (KEK-BE 025/13). Written informed consent was obtained from all 
participants. The responsible psychiatrists confirmed the capacity of the patients to provide informed 
consent.  
2.2 MRI acquisition 
Images were acquired on a 3 T whole body MRI scanner (Siemens Magnetom Trio; Siemens Medical 
Solutions, Erlangen, Germany). A 12-channel headcoil was used for signal reception. Diffusion tensor 
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imaging (DTI) measurements were acquired with a spin echo planar imaging (EPI) sequence (TR 8 s, 
TE 92ms, 59 slices, FOV = 256 x 256 mm2, matrix size 128 x 128, 2 mm slice thickness, gap between 
slices = 0 mm, producing a 2 mm3 isotopic voxel resolution) which covers the whole brain (bandwidth 
1346 Hz/Px, 40 mT/m gradient, GRAPPA factor 2, 6/8 partial Fourier). The axial slices were located in 
the parallel plane to the AC-PC line and acquired along 42 directions using a b-value = 1300 s/mm2. A 
diffusion-encoding scheme, which is rotationally invariant and balanced was used to measure the DTI 
data. Acquisition time lasted 6 minutes.  
2.3 DTI processing 
DTI analyses were performed with the Tract-Based Spatial Statistics (TBSS) software (Smith et al., 
2006; Smith et al., 2004), which is implemented in the FMRIB (Functional Magnetic Resonance 
Imaging of the Brain’s diffusion toolbox) Software Library (FSL) (http://www.fmrib.ox.ac.uk/fsl). First, 
all scans were checked visually for image quality and orientation. All images were then motion 
corrected with the FSL tool “eddy”. Eddy current-induced distortions were equally corrected with the 
tool “eddy”. This tool is standard in FSL and reduces distortions (eddy currents and subject 
movements) by using affine alignment for each diffusion weighted image to the b0 image. A tensor 
model was applied on the raw data to create FA images and then a brain extraction tool was 
performed (Smith, 2002). The FA image of each subject was aligned and transformed to a 1mm3 
Montreal Neurological Institute (MNI) standard space (Andersson et al., 2007a; Andersson et al., 
2007b), using a b-spline representation of the registration warp field (Rueckert et al., 1999). The 
mean of all FA images created a thinned, mean FA skeleton. The aligned FA maps of each subject 
were projected on the skeleton. A FA threshold of 0.2 was utilized to facilitate the inclusion of only 
skeletal voxels. Voxel-wise between subject statistics was performed for each point on the skeleton. 
Other parameters of DTI, including axial diffusivity (AD), mean diffusivity (MD) and radial diffusivity 
(RD) were similarly calculated.  Applying the “non_fa” option in TBSS, the nonlinear warps and 
skeleton projection of the FA images were applied to AD, MD and RD.   
2.4 Statistical analysis 
TBSS was used to analyse WM microstructure. In TBSS, general linear models (GLM), based on non-
parametric permutation test theory, were applied (Smith et al., 2006). F-test and T-tests were 
performed in the GLM framework. We first looked for significant differences in WM between the 
three groups with an F-test. In a second step, we applied three T-tests between the three groups. In 
the two T-tests between patients with schizophrenia and controls we entered age as a covariate of 
no interest, and in the T-test between the patients with vs. without catatonia we entered age and 
current CPZ dosage as covariates of no interest into our analyses. Lastly, we selected all patients with 
schizophrenia who presented with catatonia according to the BFCRS and calculated a correlation 
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between BFCRS and FA, controlling for age and CPZ. However, to increase the sample size for 
correlational analyses, we also included patients with schizophrenia who displayed a value above 0 
on the BFCRS (i.e. any catatonia symptom), resulting in a sample size of 16.  
Differences in WM were examined with various parameters of DTI, including FA, AD, MD and RD. 
Applying a randomise tool, voxelwise differences in FA, AD, MD and RD between groups were tested 
(Winkler et al., 2014) (5’000 permutations). This tool uses a threshold-free cluster enhancement 
(TFCE) correction (Smith and Nichols, 2009), whereby a p-value < 0.05 (FWE corrected) indicates 
statistical significance. The locations of the significant clusters were anatomically determined by 
using the Johns Hopkins University (JHU)-ICBM-DTI-81 WM labels atlas and the JHU-WM 
tractography atlas (Mazziotta et al., 2001; Mori et al., 2005b). Only clusters with a size > 30 voxels are 




Catatonia was present in 13 patients with schizophrenia (≥ 2 items on the BFCRSI for a minimum of 
24 hours). Patients with catatonia and without are comparable in duration of illness, chlorpromazine 
equivalents (CPZ) and PANSS positive syndrome score. However, patients with catatonia had 
increased PANSS negative syndrome and total scores compared to patients without catatonia. The 
demographic and clinical information are given in Table 1. 
 
3.1. WM differences across groups 
Using an F-test, we found significant alterations in FA across the 3 groups in the splenium and body 
of the corpus callosum (p < 0.05, FWE corrected) (see Figure 1 and supplementary Table S1). We 
further detected differences in RD across all groups including the SLF and corticospinal tract (CST) 
(see supplementary Table S2). 
 
3.2. WM differences between patients with and without catatonia 
We examined a T-Test between patients with vs. patients without catatonia and included age and 
CPZ as variables of no interest. The analysis detected significant group differences in many WM 
clusters, comprising the corpus callosum, cingulum, internal and external capsule, CST, sagittal 
stratum, SLF, ILF, and inferior-fronto-occipital fascicle (IFOF). Overall, the significant clusters were 
more left lateralized. In all these fiber tracts, patients with catatonia revealed significantly higher FA 
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values compared to patients without catatonia (p <  0.05, FWE corrected) (see Figure 2 and 
supplementary Table S3). Similar regions were detected in the identical analysis for RD.  In this T-
Test, patients with catatonia showed lower RD values than patients without catatonia (see 
supplementary Table S4).   
 
3.3. WM differences between patients with catatonia and healthy controls 
Comparing patients with catatonia vs. healthy controls with age as a variable of no interest, we 
detected significant differences in WM in the left internal capsule, left posterior corona radiata and 
left CST (p < 0.05, FWE corrected). In all WM connections, patients with catatonia revealed higher FA 
values than healthy controls (see Figure 3 and supplementary Table S5). 
 
3.4. WM differences between patients without catatonia and healthy controls 
Patients without catatonia had reduced FA values than healthy controls in several right-lateralized 
clusters (see supplementary Table S6 and Figure S1). In addition, the same analyses for MD and RD 
showed significantly higher RD and in a lesser extent for MD in similar WM clusters in patients 
without catatonia (p < 0.05, FWE corrected) (see supplementary Tables S7 and S8).   
3.5. Associations of WM with catatonia severity 
The GLM performed in TBSS revealed no significant associations in a subsample of 16 patients with 
catatonia (values > 0 on BFCRS) between the BFCRS score and WM (MD (p = 0.074); RD (p = 0.076), 
FA (p = 0.154), all FWE corrected). In line with the other results, we observe a positive 
association for FA, indicating the higher the FA, the more catatonia severity. The clusters (not 
FWE corrected) include similar regions and are again more left lateralized (data not shown). The 
associations between MD or RD with the BFCRS score were negative. 
 
4. Discussion 
This study investigated WM abnormalities in schizophrenia patients with catatonia. The results 
indicate specific left-lateralized WM alterations of motor pathways in catatonia. Compared to 
healthy controls, patients with catatonia revealed higher FA in the CST and internal capsule. 
Increased FA of the same tracts and of additional pathways, for example of the corpus callosum, SLF 
and external capsule were also observed in patients with catatonia in comparison to patients without 
catatonia. Thus, our results substantiate altered cerebral motor circuits as a putative mechanism in 
catatonia in the context of schizophrenia (Walther et al., 2019).  
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Our results of altered white matter in motor pathways in catatonia are in line with studies reporting 
altered task-related activity in catatonia. For example, compared to controls catatonia patients had 
decreased neural activity during sequential finger movement tasks in the supplementary motor area 
(SMA), premotor cortex, primary sensorimotor cortex, and bilateral inferior parietal lobe (Northoff et 
al., 1999; Payoux et al., 2004). Likewise, during self-initiated movements catatonia patients 
presented a hypoactivation in the SMA, the prefrontal and parietal areas (Scheuerecker et al., 2009). 
In addition, patients with catatonia had alterations in orbitofrontal cortex activity and in functional 
connectivity between the premotor cortex and orbitofrontal cortex during negative and positive 
emotional stimulation compared to other psychiatric controls and healthy controls (Northoff et al., 
2004).  
Altered resting state activity has also been reported in catatonia. Single case studies detected altered 
perfusion in the frontal, temporal and parietal areas and in subcortical regions (stratum, thalamus) 
(Galynker et al., 1997; Tsujino et al., 2011). Similarly, one study with 10 patients with catatonia 
showed hypoperfusion in the right prefrontal and parietal cortex (Northoff et al., 2000). Severe 
catatonia symptoms were correlated with resting state functional thalamocortical connectivity in 
patients with schizophrenia (Walther et al., 2017b). Recently, hyperperfusion of the SMA and primary 
motor cortex (M1) was reported in patients with catatonia at rest (Walther et al., 2017a). This finding 
was corroborated by a second study reporting increased CBF in SMA and M1 in another sample of 
schizophrenia patients with catatonia (Foucher et al., 2018). 
The motor system may be characterized by states of excitation, which can be captured by dynamic 
models of brain function (Walther, 2015). Hence, structural correlates of the catatonia syndrome 
may be more difficult to identify. A recent study detected structural alterations in patients with 
catatonia compared to patients without catatonia, i.e. reduced surface area and altered gyrification 
in the parietal and frontal regions (Hirjak et al., 2019). In addition, cortical thinning of frontal and 
insular areas were related to catatonia symptoms (Hirjak et al., 2019).  
A great strength of the present study is, that it succeeded in mapping the catatonia syndrome to 
brain structure, particularly the major white matter pathways of the motor system. Interestingly, the 
WM regions of all analyses concerning catatonia were more left lateralized. In contrast, the only 
analysis not relating to catatonia (contrast between patients without catatonia and healthy controls) 
revealed significant clusters more right lateralized. In addition, this contrast did not include some 
specific fiber tracts in comparison to the contrast between the patient sample, for example the 
external capsule, sagittal stratum, cingulum, left SLF and left posterior limb of the internal capsule. 
Indeed, the catatonia syndrome seems to be particularly related to the left CST and left internal 
capsule, as revealed by the contrast between patients with catatonia vs. healthy controls. Thus, 
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alterations in motor pathways were more left lateralized in our sample of right-handed catatonia 
patients.  
Generally, patients with schizophrenia show reduced FA values compared to healthy controls (Vitolo 
et al., 2017). In contrast, in this study schizophrenia patients with catatonia presented significantly 
higher FA values in several WM regions compared to the other groups. While the patients with 
catatonia had the highest overall FA values, the patients without catatonia had the lowest overall FA 
values and the healthy controls are situated in the middle. Thus, the contrast between patients with 
vs. without catatonia showed the greatest differences in FA.  
We detected alterations of specific motor pathways, including the CST, SLF, internal capsule and 
corpus callosum in patients with catatonia. The CST contains descending fibers from the precentral 
motor area to the pons and medulla (Mori et al., 2005a) and is a central pathway for voluntary motor 
control (Martin, 2005). The internal capsule includes the thalamocortical and long corticofugal tracts 
and can be split into the anterior limb, posterior limb and retrolenticular part (Mori et al., 2005a). It 
is a very important projection system for perceptual and motor functions (Catani and Thiebaut de 
Schotten, 2008). The SLF is situated at the side of putamen, runs along the superior edge of the 
insula and forms the arcuate fascicle, which runs into the frontal, parietal, temporal and occipital 
lobes (Mori et al., 2005a). The SLF regulates higher order motor behaviour (Makris et al., 2005). 
Interhemispheric motor fibers, which project in premotor, SMA and primary motor cortex are found 
in the body of the CC (Hofer and Frahm, 2006). The corpus callosum is crucially involved in the 
processing of sensory, cognitive and motor information (Perez and Cohen, 2009). In sum, catatonia 
patients had specifically increased FA values in relevant motor fiber pathways. However, in contrast 
to the categorical differences, we did not find a correlation of white matter and dimensional 
catatonia severity in a subsample of patients with catatonia. Since the correlations for radial 
diffusivity and mean diffusivity showed a trend (p < 0.1) in a smaller group of patients, we conclude 
that in larger sample sizes these results would survive FWE correction. 
Our results are paralleled by one case study, reporting parietal and frontal subcortical WM 
alterations in a patient with catatonia (Tibrewal et al., 2017). Likewise, our findings are corroborated 
by another study investigating the association between a myelin gene CNP (2’,3’-cyclic nucleotide 3’-
phosphodiesterase) polymorphism and catatonia (Hagemeyer et al., 2012). Reduced CNP expression 
was linked to distinct behavioural abnormalities as seen in catatonia and increased axial diffusivity in 
the context of axonal loss in the frontal corpus callosum in mice and men (Hagemeyer et al., 2012). In 
our sample, we report a link of higher FA in the corpus callosum with catatonia. Axial diffusivity and 
fractional anisotropy both describe more diffusion along the axon. However, in our sample, we have 
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no genetic data to test whether our clinically established catatonia diagnoses correspond to the AA-
Genotype of the CNP polymorphism.  
We speculate, that the catatonia syndrome in schizophrenia is related to altered WM in tracts of the 
motor system. Catatonia states may present with severely increased or decreased motor activity or 
rapid changes between both. Still, most patients display reduced motor activity (Wilson et al., 2015). 
The question remains, whether alterations of the motor system are cause or result of reduced 
quantity of movement (Walther et al., 2009). Motor training may modulate brain WM structure 
(Hanggi et al., 2010). For example, professional ballet dancers showed reduced WM in motor tracts, 
including the CST, internal capsule and corpus callosum (Hanggi et al., 2010). Similarly, skilled golfers 
compared to less skilled golfers revealed reduced WM volume or FA of the CST, corpus callosum and 
internal capsule (Jancke et al., 2009). Likewise, externally caused immobility of a limb after fracture 
may change brain structure within the motor system (Langer et al., 2012). Given that the catatonia 
patients in our sample had substantial durations of illness, we may conclude that reduced motor 
behaviour for longer periods of time could have shaped WM motor tracts or these alterations may 
follow massively increased motor behaviour. The alternative explanation would be that functional 
changes of the motor system may subsequently stimulate reorganization of WM pathways in 
schizophrenia patients with catatonia (Walther et al., 2019). Our previous study noted increased 
neural activity in the supplementary motor area (SMA) in subjects with massive behavioral 
inhibition (Walther et al., 2017a). The present findings link catatonia to increased white matter 
properties in the major motor fiber pathways, suggesting plastic changes in these pathways. 
Interestingly, the regions of neural hyperactivity in the premotor cortex are located adjunct to 
the altered pathways and are expected to feed these pathways. Thus, we may have observed the 
result of massive inhibitory activity that increases brain perfusion in the SMA and leads to plastic 
changes of the corresponding fiber pathways, particularly the pathways linking the SMA with the 
subthalamic nucleus, the so-called hyperdirect pathway (Walther et al., 2019). However, whether 
the changes are cause or consequence of catatonia can only be tested in longitudinal study designs. 
From a clinical perspective, these considerations of the current findings in white matter would call 
for adjunct exercise therapies in catatonia patients (Takahashi et al., 2019). 
Only a few studies related motor symptoms to WM alterations in schizophrenia. For example, activity 
level in schizophrenia has been associated with WM alterations underneath the SMA and precentral 
gyrus and with fibers connecting the primary motor area with the subcortical regions and the pre-
SMA and motor regions (Bracht et al., 2013; Walther et al., 2011). In addition, tardive dyskinesia (TD) 
has been associated with FA decreases in the WM of subcortical regions, postcentral gyrus, frontal 
cingulate gyrus, external capsule and inferior frontal gyrus WM (Bai et al., 2009). Neurological soft 
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signs (NSS) have been linked to WM alterations of the corpus callosum, inferior frontal gyrus, and 
cerebellum in schizophrenia (Mouchet-Mages et al., 2011; Thomann et al., 2009). Similarly, WM 
integrity of the cerebellar-thalamic tract at baseline predicted NSS after one year in subjects at high 
clinical risk for psychosis (Mittal et al., 2014). Moreover, patients with schizophrenia with a motor 
dexterity task deficit revealed aberrant FA in WM fiber tracts, including the corpus callosum, IFOF 
and internal capsule (Hidese et al., 2018; Perez-Iglesias et al., 2010). Finally, the severity of the DSM-
5 motor dimension has been associated with WM integrity of motor tracts (e.g. superior longitudinal 
fascicle, internal capsule) in schizophrenia (Viher et al., 2016). 
The present study has some limitations. First, the study included only patients with schizophrenia in 
order to investigate the catatonia syndrome. This does not take into account that catatonia is also 
present in other disorders, such as major mood disorders or in medical conditions. Second, we 
included a small sample of 13 patients with catatonia in our study. However, it is one of the larger 
samples of catatonia patients ever analysed with brain imaging methods, and it is one of the first 
studies using a whole brain approach to investigate white matter alterations in catatonia. Third, 
some variables may affect the integrity of WM. While a number of studies could not confirm an 
association of antipsychotic treatment and WM alterations (Kanaan et al., 2009; Kraguljac et al., 
2019; Peters et al., 2010), including medication- naïve chronic patients (Liu et al., 2013), there are 
some hints for a medication effect. For example, antipsychotic exposure has been shown to affect 
free radicals from activated microglia, the release of inflammatory cytokines and the number of 
astrocytes in monkeys (Konopaske et al., 2008; Monji et al., 2009). In addition, age is associated with 
WM, especially of the frontal and parietal structure (Davis et al., 2009; Geerligs et al., 2015; Gunning-
Dixon et al., 2009; Salat et al., 2005). Therefore, we entered age and the medication dose as 
covariates into the analyses in order to control for age and medication related effects on WM. 
Fourth, in the present study we selected a hypothesis-free whole brain approach, which allows the 
detection of WM changes across the brain. However, this method compares only voxels that are 
thought to correspond to specific tracts and does not reveal information about the tract itself. Future 
studies could use a hypothesis driven approach, deterministic and probabilistic tractography. Lastly, 
the relationship between WM integrity and catatonia symptomatology may not be straightforward. 
WM alterations are considered as rather stable over time, while the presence of catatonia symptoms 
may vary within 24 hours (Walther and Strik, 2016). Hence, a cross-sectional study design does not 
sufficiently consider the uniqueness of disorder courses and does further not allow conclusions about 
the cause-effect relationship. Longitudinal studies could unravel the association between brain 
structure and catatonia symptoms, as they have more predictive value.  
In summary, the present study suggests substantial structural brain alterations in major motor 
pathways in patients with catatonia, a severe psychomotor syndrome. The current study helps to 
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unravel the pathobiology of catatonia by focusing on WM changes. Future investigations should also 
include catatonia in non-schizophrenia cases to establish whether there is common or distinct 
pathobiology among catatonia syndromes. 
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    Tests df P 
Sex (m/f)    X2 = 0.52 2 0.772 
Age (y) 40.7 (13.6) 37.4 (11.4) 38.6 (13.7) F = 0.31 2 0.731 
Education (y) 12.0 (3.0) 13.7 (3.1) 14.2 (2.7) F = 2.73 2 0.071 
DOI (y) 17.3 (13.1) 11.3 (12.2)  T = 1.5 46 0.142 
CPZ (mg) 612.7 (272.6) 514.8 (419.8)  T = 0.78 46 0.440 
PANSS 
positive 
17.9 (7.4) 18.0 (6.2)  T = -0.04 46 0.971 
PANSS 
negative 
21.5 (5.8) 17.3 (4.5)  T = 2.7 46 0.011 
PANSS total 83.7 (14.9) 69.4 (16.7)  T =2.1 46 0.046 
BFCRS total 7.2 (3.9) 0.1 (0.4)  T = 6.6 12 0.001 
 
Note: BFCRS, Bush Francis Catatonia Rating Scale; CPZ, chlorpromazine equivalence; DOI, duration of 
illness; PANSS, Positive and Negative Syndrome Scale. Significant values are highlighted in bold. 
Figures 
 
Figure 1. The TBSS image shows WM differences (FA) across the 3 groups (F-test). Significant clusters 
are indicated in red-yellow at p < 0.05, FWE corrected and are projected on a standardized diffusion-
weighted image (FMRIB58_FA). Y and Z indicate the coordinates of the image slices in mm.  
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Figure 2. The TBSS image shows higher WM integrity (FA) for patients with catatonia compared to 
patients without catatonia. Significant clusters are indicated in red-yellow at p < 0.05, FWE corrected 
and are projected on a standardized diffusion-weighted image (FMRIB58_FA). Y and Z indicate the 
coordinates of the image slices in mm. 
 
 
Figure 3. The TBSS image shows higher WM integrity (FA) for patients with catatonia compared to 
healthy controls. Significant clusters are indicated in red-yellow at p < 0.05, FWE corrected and are 
projected on a standardized diffusion-weighted image (FMRIB58_FA). Y and Z indicate the 
coordinates of the image slices in mm. 
